The Repeatability and Accuracy of Ultrasound in Measuring Backfat of Cattle' Introduction
Refinements in diagnostic ultrasound systems, especially the development of two-dimensional imaging and inclusion of internal electronic calipers, have made it feasible to estimate backfat thickness in cattle in a few seconds. That is serendipitous, because fat thickness is the most important component of carcass yield grade and the single best indicator of body composition and nutritional status (Powell and Huffman, 19731. It is often inconvenient to follow cattle to the packing plant to collect carcass data, so measuring the live animal before slaughter may streamline research protocols. Ultrasound promises to be a substitute for serial slaughter in tracking carcass merit and composition. Backfat thickness increases at definite rates (Brethour. J. Anim. Sci. 1992 . 70:1039 -1044 19881, so ultrasound measures can be used to project future cutability grades.
There has been substantial variability in the relative accuracy of ultrasound estimates of backfat thickness NcLaren et al., 1991) . Part of that probably results from relying on correlation coefficients to assess relative accuracy. A correlation coefficient enables hypothesis testing within a data set, but diversity and sample size affect coefficient values among different trials. The correlation coefficient also fails to express drift in the association between two variables, information gleaned from the deviation of the slope and intercept from 1 and 0, respectively [Faulkner et al., 1989) . A more important component of error may be operator variability in both image capture and image interpretation (McLaren et al., 1991) . However, nothing has been published that describes differences in techniques among operators. This report is an attempt to access the accuracy and precision of ultrasonic backfat estimates resulting from adherence to an explicit insonification protocol.
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BRETHOUR Experimental Procedure
Five diverse groups of cattle (n = 217) were used to evaluate repeatability of ultrasound backfat measures. Those groups and their average backfat thickness (millimeters) were yearling heifers (13.61, yearling steers (8.71, heavy, 600-kg steers (8.31 , 2-and 3-yr-old heifers (9.21, and 6-yr-old cows (3.7). All animals within each group except the cows were slaughtered within 1 wk and also were used to relate ultrasound measures to carcass backfat thickness.
Subcutaneous fat thickness was measured between the 12th and 13th rib over the longissimus muscle on the right side of each animal. Insonifkation was with an Aloka 210 B-mode ultrasound system equipped with a 5-MH2, 56-mm scanning width, linear array transrectal transducer (distributed by Corometrics Medical Systems, Wallingford, CT; the veterinary, transrectal, linear transducer, Model UST-5813-5, was used in this study). Image portrayal on the monitor of this instrument was the same size as animal dimensions. The couplant was mineral oil, no stand-off pad was used, and cattle were not clipped.
Cattle were remeasured, usually the next day, with previous measures concealed. To allow for biological increase in fat thickness between the two readings, regression analysis was applied to adjust the mean value of the first reading to that of the second reading. Several elements of the measurement protocol seemed to reduce errors in ultrasonic backfat estimates. Care was taken to mimic the same frontal and transverse site along the back; both cranial and caudal locations result in substantially higher estimates. The transducer was held lightly and orthogonal to the interface of fat and muscle because fat is compressed with pressure. The animal was in a normal, relaxed posture.
Our instrument registered a band about 2 rnm wide at the boundary between fat and muscle (Figure 1) . The wavelength (.3 mm) from a 5-MHZ transducer was too long to resolve axially echoes from both the fat-fascia and the fasciamuscle boundaries. Also, some of the confusion may have been caused by echoes from side lobes of the sound beam that returned late to the receiver as well as by aberrant signals from the elevational plane. This feature did not seem related to beam focus because it remained after a 5-cm standoff was imposed between the transducer and the animal. Although the top of that strip represented the first echo and probably corresponded to the bottom of the subcutaneous fat layer, measurement was made at the bottom of that strip for two reasons. It correlated better with carcass backfat thickness, and the deeper echo was more distinguishable on fatter cattle that showed development of a second layer of fat. It took more time on fatter cattle for sufficient couplant penetration to enable the second fat layer to appear on the image. The electronic calipers on our instrument equipped with the 5-MHz transducer moved in discrete steps of .4 mm (instead of 1 d; that allowed us to interpolate estimates to the nearest .1 mm.
A total of 580 animals from 10 diverse sets of cattle, which averaged 9 mm backfat, was used to assess the correspondence of ultrasound backfat and carcass backfat. Measurements on the live animal were made within 1 wk of slaughter. Carcass backfat was measured in a commercial packing plant with .8-mm precision. Hides were removed mechanically and carcasses were neither shrouded nor scribed. Scribing the spinous processes may result in torque that increases apparent backfat thickness. Both ultrasound and carcass measures were obtained by the author. Conventional regression analyses were conducted to evaluate the associations (Snedecor, 1946) . Average absolute difference, rather than standard deviation, seemed a more descriptive parameter to relate some of the results.
Analysis of the first study revealed components of technique that might further improve accuracy, so a second study was conducted on 175 cattle. Cattle in the second experiment were fatter than those in the first and carcass backfat averaged 11.4 mm (SD, 3.7 mm; range, 3 to 2 1 mm). Sedulous measure of cattle with > 10 mm backfat was emphasized. Cattle were scanned from 4 to 8 d before slaughter and fat thickness on slaughter date was projected from the equation Y = Aeat), where Y equals backfat thickness corrected to actual slaughter date, A equals measured fat thickness, t equals the number of days from scanning to slaughter, and k is the rate coefficient (.008; Brethour, 1988) .
The probability of differences exceeding 2.54 mm was plotted as a function of carcass backfat thickness. That estimate was derived from the average magnitude of the absolute differences between the two measures and the variability of those differences, both of which were related to fat thickness. Effect of fatness on size of the absolute difference was estimated by simple regression; the relationship of standard deviation to carcass backfat thickness was obtained from a curvilinear regression of the moving average of standard deviations (sample size equal 40) through the ranked data set. At each 1-mm increment in carcass backfat thickness, the proportion of the expected distribution that exceeded 2.54 mm was estimated from a table of cumulative values of the normal distribution (Snedecor, 1946 
Results and Discussion
Repeatability katio of variance within animals to total variance; Lush, 1956) between the two ultrasound measures was 97.5%. Stouffer et al. (1989) and Edwards et al. (1989) reported repeatability coefficients of .9 and .81, respectively. The latter authors measured backfat on sheep that averaged only 4 mm with a standard deviation of 2 mm. Respective values in our population were 9.0 and 4.5 mm.
Average absolute discrepancy (the difference between the two ultrasound measures) was .72 mm (Figure 2 ). Discrepancies were larger (P < .001) with increased backfat thickness and averaged .38, .59, .93, and 1.43 mm for backfat class intervals of c 5,s to 10, 10 to 15, and > 15 mm, respectively (n = 42, 100, 52, and 23). Among the five different sets of cattle, error size was closely related to mean backfat thickness and ranged from .38 mm among the thin cows that averaged 3.7 mm backfat to 1.09 mm among the heifers that averaged 13.6 mm backfat. There were seven (2.66%) instances in which the error exceeded 2.54 mm, all among cattle with 2 13 mm of backfat. Larger errors when backfat was thicker probably were related to variations in animal posture and greater subjectivity in selecting a measurement site. Thickness even fluctuated with respiration on fatter cattle.
Ultrasound and corresponding carcass backfat measures are shown in Figure 3 . The average absolute difference between the two measures was 1.57 mm. Discrepancies were larger (P e .001) when backfat was thicker; cattle that measured e 10 mm averaged 1.43 mm absolute difference, but those > 10 mm averaged 1.89 mm. This phenomenon was also observed by Smith et al. (1989) .
Carcass backfat measurements averaged 8% higher ( P e .001) than ultrasound measurements. This finding differs from the observations of Savell et al. (19891, who reported that ultrasound measures of hanging cattle between slaughter and hide removal exceeded subsequent carcass measures. The regression of real differences on the ultrasound measure indicated that the discrepancy increased (P e .001) on fatter cattle Cy = .083X -.051, r = .16). The quadratic term in that relationship was not significant. This association of backfat thickness and the difference between ultrasound and carcass measures was much less than that reported by Smith et al. (1989) . However, they correlated errors to carcass backfat, instead of the ultrasound measure; the choice of the independent measure biases the relationship. A contribution to those differences might be natural fattening between scanning and slaughter. Expected fat increase for cattle in this study aver- aged about .1 mm/d. Fattening rate is an exponential function of fat thickness (Brethour, 1988) ; rate coefficients are breed-dependent and generally range from .006 to .012 per day. Possibly, the integument compresses subcutaneous fat on the live animal. When it is removed during slaughter, there may be a postmortem expansion of this fat layer. Occasionally, a carcass is quartered at a location that does not correspond to the live measurement site; that results in a carcass backfat measure substantially higher than the live estimate.
The real difference between backfat thickness on the live animal and the carcass may actually be > 8%, as observed in this study. Cursor placement on the deepest signal (as described in the Experimental Procedure section) probably results in an exaggerated ultrasound estimate. Also, no correction was made for the 7% lower sound velocity in beef fat (Miles and Fursey, 1974) than the instrument calibration (1,540 m/s). (Ultrasound images are constructed from time intervals between the pulse generation by the transducer and echo detection.) The image interpretation technique that I used may compensate for postmortem increases in backfat thickness and enable the live animal estimate to correspond to the carcass measure.
The differences between ultrasound and carcass backfat were analyzed as variance by squaring discrepancy values. The component that related to the consistent drift between live and carcass backfat (the regression effect) was 15%. The proportion due to variability in ultrasound measurement determined from the repeatability experiments was 14%. Although the two populations were not the same, repeatability errors were adjusted by regression to the mean fat thickness of the cattle from which carcass data were obtained. The remaining 71% represents either hidden dis- (Figure 4) .
A descriptive expression of accuracy is the percentage of readings with a discrepancy less than an acceptable or designated limit. Henderson-Perry et al. (1989) reported that 93% of their ultrasound readings were within 3 mm of carcass backfat on 227 steers (average backfat thickness was 10.6 mm). However, Strasia et al. (19891 observed a difference between ultrasound and carcass backfat that was c 2.54 mm only 36% of the time. In our study, the "large error" rate depended on cattle fatness because both the magnitude of the absolute difference and the standard deviation of those differences increased (P c .01) with carcass backfat thickness ( Figure 5) .
From those observations a plot of expected frequency of deviations > 2.54 mm was constructed (Figure 61 . Probabilities at specific points were 2.6, 7.3, 13.5, and 20.4 for 8, 12, 16, and 20 mm of carcass backfat, respectively. When values from that plot were assigned to each of the 175 cattle in the study, the summed expected occurrence of differences exceeding 2.54 mm was 12.5 compared to the 15 (8.6%) actually observed. This plot of large error rate might be used to assess technique of novice operators.
It is concluded that ultrasound measures of backfat on the live animal may be more accurate and precise than carcass backfat. Where precise measures of backfat are needed, especially in research, the ultrasound measure might be an acceptable substitute for the carcass measure. 
Implications
The validity of ultrasound for measuring carcass backfat has been frequently debated. This research indicates that an ultrasound measure is at least equal to and perhaps more accurate and precise than the carcass measure. Results indicate that ultrasound is sufficiently sensitive to detect subtle changes in fat thickness over time and can be used to track live animal changes in absolute fat thickness. That might be an alternative to serial slaughter in research protocols. In trials in which backfat thicknesses are reported, an ultrasound measure on the live animal, if it is obtained with careful insonification and echographic interpretation, should be accepted as equivalent to a carcass measure.
